nature as to result in inflated estimates of the gene frequency, and it was pointed out that the true gene frequency might well be of the order of 0.0015. It is now possible to pursue this point further.
METHODS OF STUDY
A. Composition of the population sample Screening for hypocatalasemia was performed on blood samples received in the Clinical Laboratories of the Atomic Bomb Casualty Commission (ABCC) in Hiroshima and Nagasaki. Bloods were derived from three sources: 1) radiation-exposed and nonexposed individuals, who are voluntarily participating in the ABCC Adult Health Study 1 (4) ; 2) children seen in the Child Health Study at ABCC (5); and 3) "referrals" of blood specimens to the ABCC by local practitioners, where blood only was received with a request for laboratory determinations. The third group constituted less than 5 per cent of the total number of specimens examined; as far as is known, catalase abnormalities never formed the basis for referral. Between 30 and 60 samples were screened daily in Hiroshima and approximately one-third that number in Nagasaki over a period of about 15 months. No attempt was made at a rigorous exclusion of related individuals, but from the method of selection, it seems unlikely that related individuals (parent-offspring or sibling pairs) constituted more than 15 per cent of the sample. Blood specimens that were positive to the screening test were subjected to the more precise assay for erythrocyte catalase activity, as described below.
B. Assay methods 1. Screening method. Two ml of blood was transferred to 20 ml of tap water, with care taken to wipe the outside of the pipet and flush it with the diluent. After gentle mixing, 1 ml of this solution was immediately pipetted into 5.0 ml of 0.01 N hydrogen peroxide in 0.01 M phosphate buffer, pH 6.8. After exactly 60 seconds, 2 ml of 2 N sulfuric acid was added, followed by 7 Table I summarizes the survey findings in Hiroshima and Nagasaki. The probability of as great or a greater difference between the two cities if the expectation for both is the same, as evaluated by the exact method for 2 x 2 tables (6), is 0.28, clearly nonsignificant. Figure 1 and Table III with those previously reported (3). In the previous study, a significant difference was noted between the mean for normal control determinations performed on subjects being studied at the ABCC and the mean for presumed normal subjects in families with acatalasemic members. This was attributed to the fact that it was often necessary to store the specimens from the latter group for several days before it was feasible to perform catalase determinations, presumably with some loss of catalase activity. In the present study, in which it was possible to perform the determinations almost immediately after the blood was drawn, the normal values correspond very well with ABCC clinic control values, thus corroborating the suggestion of loss of catalase activity with storage.
The present data confirm in all respects the previously advanced hypothesis that hypocatalasemia and acatalasemia are related as heterozygote and homozygote and, further, demonstrate that the present screening technique is highly efficient in the recognition of hypocatalasemia. Japanese investigators are now conducting surveys at widely scattered points in Japan. The most advanced of these surveys are those of Takahara (7), some of Table I , are especially interesting. This group, composed of schoolboys from four different districts in Okayama, was surveyed after acatalasemia was recently encountered in three Korean siblings in Tokyo (10) . In a previous publication (3) it was argued, from the widespread distribution throughout Japan of the relatively few sibships with acatalasemic members, that the responsible gene was one of considerable antiquity. The demonstration of the gene in Koreans can be regarded as reinforcement for that suggestion, since the principal route by which the Japanese reached their islands appears to have been by way of Korea (11) (12) (13) (14) (15) , and it seems more likely, in view of the history of Japanese-Korean relationships, that the gene was introduced into Japan by way of Korea than that recent Japanese-Korean contacts have resulted in the introduction of the gene into Korea.
On the other hand, the possibility of multiple independent origins of the gene, in both Korea and Japan, cannot be completely disregarded.
DISCUSSION
Clearly there are significant local variations in Japan in the frequency of heterozygotes for the acatalasemia gene. The concept suggested by these data, of "pockets" wherein certain rare and "pathological" recessive genes are represented by unusually high frequencies, is of course not new (16) , but previously the means of directly verifying and quantitating this concept have not been at hand. This demonstration has important impli--cations for the use of certain genetic formulae, which are discussed below. In a previous publication, the frequency in Japan of carriers of the gene for acatalasemia was estimated at 0.006 (3). This estimate was based on a formula derived by Dahlberg (17) , namely, 16k-15c -ck) with the frequency of heterozygotes then calculated from the relationship, heterozygotes = 2q(1 -q) (1 -a) [2] where q = the frequency of the recessive gene responsible for acatalasemia; c = the proportion of first-cousin marriages among the population as a whole, assumed from previous studies in Japan to be 0.06 (18, 19) ; k = the proportion of firstcousin marriages among the parents of homozygous individuals, assumed from the data on 17 sibships to be 0.59 (3); and a = the coefficient of inbreeding for the population, assumed from previous studies to be 0.004 (18) . Kimura (20) has now provided a more general, maximum likelihood-type formula, which has the advantage of utilizing for the estimate all the data available concerning consanguinity in the parents of affected individuals. Kimura has also derived the formula for the variance of the estimate, which was not available for Dahlberg fore it will be possible to test with any precision the degree to which the gene frequencies predicted for various regions in Japan and the total area will depart from the frequencies which can be determined by suitable surveys. At a first approximation, it would appear that at least 100 additional sibships in which acatalasemia is segregating will be necessary to refine the gene frequency estimate to the point where comparisons between observation and expectation become meaningful.
The importance of estimating the frequency of the carriers of a variety of recessive genes is such that a considerable expenditure of effort in pursuing this favorable test situation would be warranted if it promised to yield a critical evaluation of the usefulness of Dahlberg's and Kimura's formulae. However, there is now reason to suspect that human populations depart from the mathematical models on which the formulae are based to an extent which renders a close correspondence between prediction and observation unlikely. The formulae are based on certain rather sweeping assumptions. Although geneticists have recognized for some years that these assumptions involve oversimplifications of highly complex situations (Discussion in 3, 17, 18, 21, 22) , the use of the formulae was nevertheless justified because, in the case of rare recessive traits, it resulted in an approximation to a figure usually not otherwise available. These assumptions state that:
1) There is a uniform gene frequency throughout the total area under consideration, an assumption whose incorrectness in the case of acatalasemia has already been demonstrated by graphic evidence.
2) The population is in genetic equilibrium; i.e., the balance between mutation, selection, and population structure is such that the gene frequency has stabilized.
3) The population constitutes one interbreeding unit. Patently, two individuals, one from Hokkaido and one from Kyushu, have much less opportunity of marrying than a pair from Honshu, but migration between the hierarchy of "isolates" (or neighborhoods) within "isolates" which comprise a population is assumed to occur at a rate sufficient to result in a satisfactory approximation to the model.
4) The disease is genetically homogeneous; i.e., all affected individuals result from mutation at the same locus, again an assumption that seems untrue for acatalasemia (3 and 
unpublished observations).
It is clear that we are not yet in a position to judge just how far human populations depart from assumptions 2, 3, and 4, or the manner in which these departures influence mathematical prediction. There are indications, however, that the departures may be very considerable. On the other hand, the data of this paper, plus the findings of Takahara, do give us rather graphic insight into the departures which may exist from assumption 1. It is clear that these departures may be of such magnitude as to have important implications for the use of these specific formulae and for the manner in which data on consanguinity effects are utilized for a variety of genetic calculations. Out of a multitude of possible illustrative models, two simple alternatives suggested by the present survey data may be considered. These alternatives are certainly abstractions in that, while they represent a step toward biological realities, they are still gross oversimplifications. Without these oversimplifications, however, the principal point could be buried in a mass of mathematical detail. Let us assume that in a group of 10,000 individuals there occurs a completely neutral and completely recessive gene. This gene is limited to three extended kindreds, in each of which 10 (heterozygous) members possess it. This group moves into a new and favorable geographical area. Circumstances are such that this group immediately becomes subdivided into three subgroups ("neighborhoods") comprising, respectively, 10, 20, and 70 per cent of the population, with differing rates of inbreeding and with no exchange of members. It may be assumed that at the time such a group first moves into an area and distributes itself to occupy the desirable portions of the new territory, biologically related individuals (kindreds) will tend to remain together. We will postulate that in the smallest group, 10 per cent of all marriages involve first cousins (c = 0.10), while in the intermediate group the frequency of first-cousin marriage is 5 per cent, and in the largest group, 1 per cent. In time, all subgroups undergo a 100-fold increase in numbers, so that the total population becomes Table V . In the first case, the ratio of proportion affected from first-cousin marriages to proportion affected from non-consanguineous marriages is approximately 49, whereas in the second case, it is approximately 10. Stated in terms of the ratio of the "inbred load" to the "randomly mating load" of Morton, Crow and Muller (23) , these correspond to ratios of 763 and 151, respectively.
The significance of a knowledge of population structure for attempts to calculate "mutation" versus "segregation" loads is thus obvious, but will not be discussed in detail at this time. However, it may be noted that this factor has been inadequately dealt with in some current treatments of the subject (23, 24) . It should also be apparent from the model that conclusions regarding the number of loci at which recessive genes maoccur with a given phenotypic effect (e.g., deaf mutism), which are based upon an apparent discrepancy between the observed frequency of the phenotype and the frequency of consanguinity among the parents of affected individuals, may also be biased by this "neighborhood effect." The bias can be of such a degree that, for the present, attempts on the basis of consanguinity data to estimate the number of recessive genes capable of producing a given phenotype, and the deductions drawn therefrom (25) , cannot be taken very seriously, a fact which if not already apparent on theoretical grounds would be suggested by the wide discrepancy between calculations based on the data of Stevenson and Cheeseman (26) from Northern Ireland and Lindenov (27) from Denmark.
SUMMARY
A rapid and simple method for detection of hypocatalasemic heterozygotes for the gene responsible for acatalasemia is described. A total of 13,647 blood specimens from individuals residing in Hiroshima and Nagasaki has been examined in this manner, and the frequency of hypocatalasemics was found to be 0.09 per cent. Surveys in other parts of Japan have revealed frequencies of the order of 1.4 per cent. This unevenness in the distribution of a rare "recessive" gene, taken in conjunction with the known variation from locality to locality in the frequency of inbreeding, has important implications for the interpretation of data on inbreeding effects. Some of these implications are discussed.
